Introduction
The phase transition from the isotropic (I) liquid to the nematic (N) liquid crystal is classified as weakly first order or close to the second order. That thermodynamic ambiguity results from the fact that in experiment one detects the molar volume jump and the latent heat at the transition but of the order of 1% (or even less) of the values detected at typical first order transitions, as a melting process, for example. As a consequence of the weakness of the I-N phase transition, in the prenematic region of the isotropic liquid, one observes the pretransitional effects, which are due to the existence of an orientational ordering of the mesogenic molecule, which leads to spontaneous formation of pseudonematic domains. The size of the domains increases as the temperature of the liquid approaches to transition to the nematic phase. The phenomenon can be quantitatively described in terms of the intermolecular correlation length x. The Landau theory of the second order phase transition, applied by de Gennes to the isotropic to nematic transition, leads to the following temperature dependence of the correlation length [1] 
where the constant î 0 is of the order of the molecular length and T * denotes the temperature of virtual transition of the second order, i.e., the temperature limit of the thermodynamic stability of a supercooled isotropic phase. Usually, the value of T * is about of 1 K below the nematic to the isotropic phase transition temperature T NI and, as it results from Eq. (1), at that temperature the correlation length reaches its infinitive value.
The pretransitional effects in the vicinity of the I-N transition reveal, in general, in studies of nonlinear phenomena, i.e., when an external stimulus is sufficiently strong. The experimental data are numerous [1] and they are concerned with the static measurements of magnetic and electric birefringence, light scattering as well as dynamic studies of molecular spin-lattice relaxation, dynamic light scattering, and transient grating optical Kerr effect. The Landau-de Gennes theory was successfully used for interpretation of the experimental data obtained with nonlinear techniques.
The prenematic effects which appear in the linear dielectric properties as a peculiar temperature behaviour of the static permittivity [2] [3] [4] [5] [6] and the activation energy for molecular rotation derived from the dielectric relaxation time [4, 5] or as the anomalously slowing down rotational diffusion [7] , manifest themselves especially in the case of strongly polar mesogenic liquids. This paper presents a review of recent experimental results on the static dielectric behaviour of the mesogenic compounds of different polarity in the vicinity of the I-N phase transition.
Static dielectric behaviour
of n-alkylcyanobiphenyls Figure 1 (a) presents the temperature dependence of the static dielectric permittivity e s measured for the non-mesogenic compounds belonging to the cyanobiphenyls homologous series (C n H 2n+1 PhPhCN, n = 3, 4). The dielectric permittivity shows no pretransitional effects in vicinity of the first order transition from the isotropic liquids to the crystalline (I-Cr) phase [4] . As shown in Fig. 1(b) , in the studied temperature range, the e s (T) dependence for the non-mesogenic compounds is only slightly nonlinear. The permittivity derivative weakly increases with the temperature decrease and its value is negative up to the transition to the solid state.
Peculiarity in the permittivity dependence on temperature, observed for isotropic 5CB [ Fig. 2(a) ], is certainly related to the approaching transition to the nematic phase. The effect is much more pronounced in the permittivity derivative [ Fig. 2(b) ], which shows a critical-like behaviour as temperature approaches to the IN phase transition [4] . It is worthy to notice that several degrees before the transition to the nematic phase, the permittivity derivative of 5CB changes its sign to the positive one.
Figures 3 and 4 show that presented above peculiarity in the static dielectric temperature behaviour of 5CB in the vicinity of the I-N phase transition, is observed for all members of the alkylcyanobiphenyl series, also in the vicinity of the transition from the isotropic liquid to the smectic A phase (for n = 10) [8] .
The presented experimental results on the static dielectric behaviour of the mesogenic dielectric materials can be interpreted within the theory which relates the thermodynamic effects, caused by application of the probing electric field to the dielectric material, with the electric field strength. As it was firstly shown by Fröhlich in 1958 [9] and next by Becker [10] , Landau, Lifshitz and Pitaevskii [11] and Scaife [12] , the density of the basic thermodynamic quantities, namely the internal energy U, the entropy S and the Helmholtz free energy F are related to the static permittivity e s or its derivative de s /dT and the applied electric field strength E, as follows 
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where U 0 , S 0 , and F 0 denote the values of the thermodynamic quantities in the absence of the electric field, T is the absolute temperature, and e 0 = 8.85 pF/m is the permittivity of free space. In Eq. (2), the term 0.5e 0 T ¶e s / ¶T represents a part of the dielectric internal energy per unit electric field strength and per unit volume which is converted into heat during the isothermal charging of the capacitor filled with a dielectric material with the static permittivity e s . The heat is drawn away from the capacitor by its surrounding. The remaining term is the electric part of the Helmholtz free energy (Eq. 4) stored in the capacitor and the increment DF = F(T,E) -F 0 (T) represents a maximum of the energy which can be produced during the isothermal discharge of the capacitor. Equation (4) shows that the temperature behaviour of the electric part of the Helmholtz free energy density per the unit behaves as the static permittivity itself, as illustrated in Fig. 3 . A relatively small drop of the free energy, observed for mesogenic compounds with a decreasing temperature, announces an approaching of the transition to the liquid crystalline phase.
A special attention must be drawn with respect to the entropy where the sign of the field-induced increment DS = S(T,E) -S 0 (T) depends directly on the sign of the permittivity derivative. The negative value of de s /dT, i.e., DS < 0, means that the entropy diminishes after applying the electric field to dielectric material, due to increase in the molecular order. It is a normal behaviour of dipolar liquids for which the static permittivity increases when the temperature decreases. However, in the case of the mesogenic compounds studied here, the situation is more complicated. As it was shown in Fig. 4 , at a temperature of somewhat less than 10 degrees before the I-N transition of a given nCB compound, the increment of the entropy changes its sign and becomes positive, DS > 0, so, an electric field applied to the isotropic dipolar liquid causes a decrease in the order of the molecular level. It is possible only when the molecules are (at least partially) self-organized in the isotropic liquid with a predominance of the antiparallel dipolar arrangement within the intermolecular entities formed. The singular entropy effect observed is a result of a competition between the spontaneous antiparallel dipolar self-assembling in form of the prenematic domains and the parallel dipolar ordering forced by the electric field. As the temperature approaches to the transition to the nematic phase, the effect is strongly enhanced and its behaviour takes a critical-like form what is certainly connected with a strong increase in the prenematic domains size, i.e., with increase in the number of the self-organized molecules.
Static dielectric behaviour of isotropic mesogenic liquids of different polarity
From the molecular physics and the practical points of view, it is interesting and important to verify how the molecular polarity and structure manifest themselves on the entropy increment temperature behaviour in pretransitional regions of liquid crystalline materials. The importance of the phenomenon results from the fact that enhancement of the pretransitional effects in isotropic liquid reflects increase in the molecular aggregation ability. The problem is important as the aggregation leads mainly to the antiparallel molecular dipolar arrangement which reduces the dielectric anisotropy, an important parameter for the materials used in the opto-electric devices. Figures 5 and 6 [13] present the temperature dependence of the static dielectric permittivity and its derivative, respectively, measured for two mesogenic compounds, the first one was discussed above -6CB (the molecular dipole moment µ »5D), and the second one belongs to the homologous series of 4-(trans-4'-n-alkylcyclohexyl)isothiocyanatobenzenes (C n H 2n+1 CyHxPhNCS, nCHBT, µ »2.5 D, studied n = 6).
As it results from the data presented in Fig. 6 , in the case of less polar nematogenic compound, the pretransitional effect is less pronounced. However, in the vicinity of the I-N transition of 6CHBT one observes an anomalous increase of DS and the entropy increment attains zero as its final value at the transition. As it can be seen in the figure, the beginning of the entropy anomalous increase is observed of about 15 degrees before the transition. In the higher temperatures range, the DS(T) dependence is typical for "normal" dipolar liquids [13] , where the probing electric field forces an ordering of the molecular dipoles, leading to the entropy decrease (DS < 0). In the prenematic region, in the case of an essentially less polar 6CHBT, both the electric field -molecular dipoles interactions and the intermolecular dipole -dipole interactions are markedly re- duced in comparison to those of 6CB molecules, and finally, at the temperature close to the I-N transition, the self-assembling process and the field-induced dipolar ordering are so compensated that DS is close to 0. The presented data show that for similar molecular structure, polarity of the mesogenic molecule plays a crucial role in the aggregation process occurring in liquids. The deviation of the entropy increment temperature dependence from that observed for non-mesogenic compound of the same polarity seems to be a good measure of the aggregation ability of mesogenic molecules.
